S1: Main controlling factors on the effect of biochar on agricultural yield.
Controlling factors
Observations Ref
Biochar Feedstock
Sludge and manure biochars have the highest positive crop yield response, followed by herbaceous and last by wood feedstock. In temperate region, all types of feedstock lead to no significant positive effect on yield.
Tropical soils: Sludge and manure biochars improve yield on average by 70%. Wood and herbaceous biochars only lead to 20% increase. (Jeffery et al. 2017; Biederman and Harpole 2013) CEC Higher biochar CEC lead to higher increase in yield. (Jeffery et al. 2017 )
Pyrolysis
There is no clear effect of pyrolysis temperature on yield response (beside for >650°C that significantly has negative effect on yield). However fast pyrolysis and hydrothermal carbonization lead to significant negative crop yield effect. (Jeffery et al. 2017) Ash content Ash content in biochar higher than 10% reduces yield increase from 30% to less than 10%. (Jeffery et al. 2017) C/N ratio Biochar's C/N ratio above 100 (biochars poor in N) lead to overall negative yield response (Jeffery et al. 2017) Soil pH Tropics: Yield response to biochar application increases as soils are more and more acidic.
Temperate: Significant negative yield response (down to -30%) are observed for neutral and alkaline soils. (Jeffery et al. 2017 Management Application rate Tropics: Yield response seem to cross a threshold at application rate between 50-150 t biochar per ha.
Temperate: Application rate should be kept between 10-50 t biochar per ha, particularly less than 50 t biochar per ha as above that threshold significantly negative yield response is significant. (Jeffery et al. 2017) Fertilizer Co-application of fertilizer with biochar can increase yield response. (Jeffery et al. 2017) CEC: cation exchange capacity; C/N: carbon to nitrogen ratio Increasing pyrolysis temperature decreases methane release from 'methane source' soils, but also the oxidative potential of 'methane sink' soils. (Ji et al. 2018) pH Upland soils see reduced methane uptake for biochars with pH below 7 to a positive increase in uptake for biochars with pH >9. 
Management Fertilization
Unfertilized soils show higher response to biochar addition regarding decreasing release and uptake of methane. Upon application of organic-N fertilizer, biochar increases the sink capacity 'methane sinks' Both application of organic or synthetic N, decrease emissions of 'methane source' after application of biochar. N-fertilization rate may also influence soil response to biochar application: below 120kgN/ha increasing methane sink/decreasing methane emissions, while more than 120 kgN/ha has opposite effect. Application rate Biochar application rate below 20 t/ha may be beneficial for enhancing soil methane sinks, but increase methane emissions from 'methane source' soils. After that threshold, increasing biochar application rate decreases both methane emissions from source, and decreases sink potential of sinks. Management Application rate Increasing application rate was found to increase phosphorus availability, mostly as more biochar brings more phosphorus to the soil. Increased availability is significant at application rate above 10 tonnes biochar per hectare. However, at higher application rate, liming (soil pH increase) may be more important. Increase in soil hydraulic conductivity after biochar application can lead to an increase in the amount of leached nutrients, if they are made more available after biochar application. As such, biochar may reduce nutrient leaching in coarser soil, and may increase it in finer soils. (Laird and Rogovska 2015) Management Application rate In case of leaching of biochar's nutrient, higher application rate will lead to more leaching. Application rate will also modulate leaching rate as they affect nutrient availability and soil water retention and conductivity. (Ippolito et al. 2015; Laird and Rogovska 2015) Biochar hydrophobicity is an important control on its water uptake potential. (Gray et al. 2014; Kinney et al. 2012 )
Porosity
Biochar's macroporosity is more important for water retention than its microporosity. Choice of feedstock with appropriate macrostructure is important. (Gray et al. 2014; Kinney et al. 2012) Particle size and shape
Depending on biochar particle size, biochar can clog or increase the size of soil pores. Clogging happen when biochar particle size is lower than the size of soil interpores. As a consequence, both soil hydraulic conductivity and soil water availability increases. Shape of biochar particles has been suggested to influence soil's interpores structure by disrupting and modifying the interpores size distribution. But very fine biochar particles can loose their porosity, in particular macroporosity. (Sun and Lu 2014; Trifunovic et al. 2018) Soil
Water repellency
Biochar's effect on soil water repellency has been little studied.
Most of the studies reported no effect of biochar, a few reported conflicting results.
(Blanco-Canqui 2017; Hallin et al. 2015) Texture
Coarse soil see higher increase in soil water availability than finer soil, due to increase in mesopore that allow retention of water after biochar application. Biochar reduces water infiltration and hydraulic conductivity in coarse soil, and the opposite for fine soils. Thus improving soil hydrology in both cases, though the effect is usually more important in coarse soils. Medium textured soils receive less benefit from biochar application. 
